INTRODUCTION

Isolation
of covalently closed circular DNA is an important and widely used methodology. The final step in the isolation of such DNA is usually a cesium chloride-dye isopycnic gradient ultracentrifugation (Radloff et al, 1967) . This technique separates supercoiled DNA from nicked circular DNA, linear DNA, and from most protein and RNA on the basis of buoyant density. Although highly efficient, isopycnic centrifugation is neither rapid nor amenable to the isolation of small quantities of unlabeled DNA. It is also costly in terms of equipment and materials. When contamination of form I DNA with forms II and III is of no concern, the procedure is often omitted. Other techniques exist for the purification of supercoiled DNA but they have disadvantages of their own and therefore are used infrequently. These approaches include zonal centrifugation through a neutral or alkaline density gradient (Vinograd et al, 1965) , gel electrophoresis (Tegtmeyer and Macasalt, 1972) , high-pressure liquid chromatography (HPLC) through (Best et al, 1981) or hydroxyapatite (R. Burke and G. Ott, personal communication), and column chromatography on methylated albumin kieselguhr (Mandell and Hershey, 1960; Dulbecco et al., 1965) or on hydroxyapatite in the presence of ethidium bromide (Pakroppa et al, 1975) .
We describe a convenient and rapid procedure for the isolation of covalently closed circular DNA based upon exonuclease III digestion followed by benzoylated naphthoylated DEAE-cellulose (BND cellulose) (Birnboin and Doly, 1979) . Replicative form DNA from M13 and 0X174 were purified up to the ultracentrifugation step as described by Messing (1983) or by Piette et al. (1979) , respectively. SV40 DNA was isolated from lyrically infected monkey kidney cells as described by Hirt (1967 (Stillman, 1981; Gamper and Hearst, 1982 Approximately 1.0^g of 3!P-labeled M13 mp8 DNA or SV40 form III DNA in 100^1 of 1 M NaCI/ TE was extracted with 100 mg of BND cellulose using the analytical procedure. The distribution of DNA in each wash solution and in the resin was determined by scintillation counting. One milligram of bovine serum albumin in 1 ml of 1 M NaCl/TE was extracted with 1.0 g of BND cellulose using the preparative procedure. The distribution of protein among the various fractions was determined by spectrophotometry (Kalckar, 1947 Figure 2 shows a gel electrophoretic analysis of the DNA mixture before and after purification. (Carter and Radding, 1971) . When a DNA sample, containing forms I and II plasmid DNA together with heterogeneous cellular DNA, is digested with X exonuclease and then extracted with BND cellulose in 1 M NaCl/TE, the recoveries are 100% form I, 25% form II, and less than 2% cellular DNA (Fig. 4A) (Beard and Berg, 1974; Guntaka et al, 1976) . By rapidly cooling or neutralizing the denaturation mixture, only form I DNA renatures thereby facilitating its separation from denatured nicked circular and linear DNA. Such a procedure could substitute for exonuclease III digestion in an isolation of form I DNA. As shown in Fig. 4C , however, inclusion of a rapid cooling step does not visibly reduce the amount of form II DNA recovered after BND cellulose extraction. We conclude that the nicked circular DNA readily reanneals when present at a concentration of 5-10 /tg/ml.
DISCUSSION
Covalently closed circular DNA is routinely purified by cesium chloride-ethidium bromide gradient ultracentrifugation. This method, in use since 1967, is time consuming, expensive, and best suited to preparative amounts of DNA (Radloff et al, 1967 raphy is is involved. The BND cellulose resin is simple to prepare (Gillam et al., 1967; Sedat et al., 1967) (Colman et ai, 1978; Shoyab and Sen, 1978) and two-phase partitioning between dextran and polyethylene glycol (Ohlsson et al., 1978) .
We have not investigated direct extraction of cleared lysates with BND cellulose. Although the resin has a high capacity for protein and, to a lesser extent, RNA in 1 M NaCl (see Fig. 1 Although the experiments reported here employ relatively small DNAs, we have successfully purified analytical amounts of the 125-kb R' plasmid pRPS404 (Marrs, 1981 
